This paper presents the development and evaluation of two algorithms for the determination of wind compensating launcher settings for unguided rockets. The algorithms are designed for use in an iterative trajectory simulation process and can be used to determine launch angles which will yield one of many possible trajectory objectives. One algorithm provides the first estimate as a function of the ballistic wind; the other controls the iteration. iii CONTENTS
INTRODUCTION
The trajectory of an unguided rocket or projectile will be affected by the wind encountered during flight. This pertubation of the trajectory is commonly called wind effect. If one desires to obtain a predetermined value of a given trajectory objective (such as impact of a given booster, orientation of the velocity vector at burnout, etc.), it is necessary to determine a launcher setting which will compensate for the wind effect. The sophistication of the algorithms to determine these launcher settings depends not only on the specified trajectory objective but also on the rocket configuration and the nominal trajectory.
A first-order approximation of the wind effect may be obtained by a technique called "wind weighting." This technique is discussed in Appendix A. Several procedures [Lewis (1949), James and Harris (1960), Hennigh (1964), Duncan and Engebos (1966a, 1966b)] based on the wind weighting technique have been developed which give first-order approximations for the launcher settings required to compensate for the wind effect.
In the previous developments, the model was usually restricted to considering either a specific trajectory objective or a specific type of trajectory or both. This paper presents a procedure which allows for a much wider range of applicability.
The model presented herein has a twofold capability. An approximation for launcher settings based upon the wind weighting technique is developed. For missile projects which require more accurate computations, an iterative procedure is developed. The algorithms for the iteration converge rapidly; the wind-weighting-based model is used as a first approximation. The iterative procedure can also be used to refine the numerical values for the wind-weighting-based model. The use of the complete model as an operational tool requires a real-time computational capability (Duncan and Rachele, 1967).
COORDINATE SYSTEMS AND TRANSFORMATIONS
In this development it is assumed that the rocket trajectory is specified in a right-hand topocentric coordinate system (x,y,z). The positive x-axis points east, and the positive y-axis points north. The azimuth angle, a, and the elevation angle, 0, are defined in Figure 1 .
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Y Positive North) (Positive East) Two independent iterations were performed. The first was to match nominal impact; the second was to match nominal burnout angles. A convergence tolerance of 1500 meters was selected for the impact iteration except for one case, the "regular" Athena where a tolerance of 300 meters was used. This smaller tolerance was used to show the speed with which the iteration converges. Compatible tolerances, which differed for each rocket, were used for the iterations to burnout angles. Table VII .
CONCLUSIONS A rapidly converging iterative technique to compute wind-compensated launcher settings for unguided rockets was developed and discussed.
This technique is applicable to a wide range of possible trajectory objectives-specified attitude at a given time, space point, specified booster impact, etc.
The procedure consists of two algorithms. The first provides an initial estimate for the launcher setting as a function of the ballistic wind, and as such, it is easily adaptable to field operations. The second algorithm, the iterative step, converges rapidly (one or two passes) to the desired objective.
Sixteen wind profiles were used in four separate test cases to provide an evaluation of the procedure. Two different functional forms for the algorithms were investigated -a quadratic form and a bilinear form. Two specific trajectory objectives were considered in each test case -nominal burnout attitude and nominal impact. In each test the iteration converged rapidly to the desired objective. There appeared to be no significant difference between the results obtained from the quadratic and bilinear equations. It is easy to take issue with these assumptions; in fact, one can produce results of trajectory simulations which contradict the assumptions. However, for determining first-crder effects, which is the aim of the wind weighting technique, the assumptions are reasonable.
DETERMINATION OF THE WIND WEIGHTING CURVE
In the preceding section a definition of wind effect was omitted. Such a definition is unnecessary unless one is interested in quantitative results. If one considers the trajectory to be defined by a family of parameters, then wind effect can be broadly defined as the change in these parameters due to the wind encountered along the trajectory. Typical parameters are: first-stage impact, second-stage impact, orientation of velocity vector at burnout of a particular stage, etc.
The calculation of the wind weighting function requires the computation of a number of trajectories. Each trajectory simulation is based upon the same set of initial conditions; however, different wind profiles are used for each simulation. These calculations yield a series of values for the trajectory parameters from which one determines the wind weighting function.
There are numerous procedures which can be followed in performing the calculations. The following procedure is somewhat typical and serves as a more precise explanation of the general procedure given above. For simplicity of explanation it will be assumed that one is interested in wind effect on impact (either afterbody or a given booster). Consider altitudes 0 * z < z, < z" < ... < z and, for each 0 < i < n, wind pro-J o 1 I n " -j files P. where each P. consists of a zero wind above altitude z and a | uniform wind (of constant nonzero magnitude, say C, and constant direction) below z . (The same value of the wind velocity is used in the nonzero portion of each profile.) Note that P is the zero profile; the corresponding trajectory is usually called the no-wind (nominal) trajectory. Let R be the range, from launcher to impact, for the * simulated trajectory which uses the ith profile. The unit wind effect is a « (R -R )/C. Observe that g(z ) = 0 and g(z ) ■ 1. o n The wind weighting curve may be plotted from the values of g(z ). Of course, one must choose the z 's sufficiently dense to describe the graph. The choice of z sometimes presents problems. This altitude must be such that any wind effect above z can be ignored. Apogee altitude will clearly satisfy this requirement.
TWO-DIMENSIONAL REFINEMENTS
In the general discussion of wind weighting, it was assumed that the weighting factor curve and the unit wind effect were one-dimensional in the sense that the magnitude of the wind effect ^or the uniform profiles was assumed to be independent of wind direction. This assumption is quite good for near-vertical firings; however, for other cases, the results can sometimes be improved by extending the technique and using separate wind weighting curves and unit wind effects for the x and y wind components. The definitions are similar to those given earlier. The x-unit wind effect, a , is the x-component The component wind effects and wind weighting curves are calculated similarly to those for the one-dimensional case and will not be explicitly outlined.
